Properties of concrete containing mussel (perna veridis) shell ash as an admixture by Othman, Nor Hazurina et al.
Concrete Technology: Research and Application Series 1 
  
78 
 
CHAPTER 8 
 
Properties of Concrete Containing Mussel (perna veridis) Shell Ash 
as An Admixture  
Nor Hazurina Othman1,2, Mohd. Haziman Wan Ibrahim1,2, Mohd. Faisal Sheikh 
Khalid1,2, Khairiyah Mohd. Noor2, Nurul Nabilah Ismail2, Muhammad Shabery 
Sainudin2 and Nor Shafikah Aisyah Abdulla2 
1Jamilus Research Center, Faculty of Civil and Environmental Engineering, 
Universiti Tun Hussein Onn Malaysia, 86400 Batu Pahat, Johor, Malaysia . 
2Faculty of Civil and Environmental Engineering, Universiti Tun Hussein Onn Malaysia, 
86400  Batu Pahat, Johor, Malaysia. 
*hazurina@uthm.edu.my 
 
Abstract 
Green building concept is developing to become an important 
technology in construction industry. One of the way to achieve the green 
building concept is by using nature resources such as seashell. This study 
focus on the use of green mussel shell ash (perna veridis) as admixture in 
concrete. This study was carried out to determine the optimum 
percentage of green mussel ash and the compressive strength of 
concrete that used mussel shell ash as admixture in concrete. 
Furthermore, setting time and specific gravity test was carried out to study 
the physical properties both the mussel shell ash and Portland cement. 
Then, for mechanical properties of this study was determining the 
compressive strength and density of the concrete. The percentage of 
admixture that had been used in this study were 0% (P0), 2% (P2), 4% (P4), 
6% (P6) and 8% (P8). The concrete samples were prepared in the 100mm 
x 100mm x 100mm cube. In this study, the total of 60 cube were prepared 
and had been curing in water for 7 and 28 days. The grade of the 
concrete was 30 MPa at 28 days curing. Result of physical properties 
showed the specific gravity of the cement is lower than mussel shell ash 
which is 2.8 and 2.9 respectively. Next for setting time result mussel shell 
absorption faster than cement Portland. Then, for mechanical properties 
for this research, it can be concluded that the optimum percentage of 
mussel shell ash as the additive in the concrete was 2%.  Thus, the high 
calcium content in the mussel shells will provide additional calcium to the 
concrete mixture and it will produce better concrete compare to normal 
concrete 
Keywords — concrete, nature resources, mussel shell, waste material, 
           admixture 
 
1. INTRODUCTION 
 
In Malaysia, upbringing the production of mussel is one of the most 
second important aquaculture industry after cockle industry. It was 
initiated since about three decades ago in several places such as 
Johore, Malacca, Penang, Negeri Sembilan and Perak [12]. According 
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to Annual Fisheries Statistics on 2013, the total production statistics of 
mussel production were 1,070.88 metric tonnes. However, in were 
increased to 1,414.90 metric tonnes in a year [13]. Based on the statistic 
mention above, it were expected that the production of mussel will 
increases from year to year. However, it was expected that the 
increments of mussel will increase the waste production such as mussel 
shell waste. Thus, the accumulation of mussel shell that been discarded 
in some nearest area and this is one of the environmental pollution 
source that can be destructive flora and fauna in early stage.  
According through scientific and engineering knowledge, mussel shell 
has a new potential to become addition materials in improving 
concrete manufacturing quality in construction sector. Apart from that, 
the usage of recycle waste from mussel shell can reduce the quantity of 
waste materials from its production. Concrete is one material that been 
produced by mixing of water, cement, fine and coarse aggregates. The 
mixing process are made according to mixture rate or ratio that been 
design and been harden to form the structural components. The mixture 
ratio must be followed for the determination of the concrete.  
A study by Lertwattanaruk states that, mussel shell has high content of 
CaO (Calcium Oxide) and denser compared to limes [7]. The research 
about usage of seashell been in construction industries to identify its 
potential uses [7]. Thus, usage of seashell are very potentially in 
increasing the strength of concrete. According to Mayer, the sources of 
environmental materials were needed to produce billions tan of 
concrete per year [6]. The research toward sustainable and 
environment protection is a needed. Thus, this study will focusing on the 
potential of mussel shell to be used as addition materials in concrete 
mixed. 
 
2. MUSSEL SHELL 
 
Mussel was introduced and known in Malaysian since 1979 [14]. In year 
1987, the mussel breeding was upgraded to new systems because of 
the sea wave [14]. Mussel can growth really fast which depends on the 
environmental factor such as temperature, saltiest of sea water and 
pollution [15]. 
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Figure 2.1 Green Mussel Shell 
 
Green Mussel Shell known as Green-lipped Mussel or in scientific name 
known as Perna Viridis as shown in Figure 2.1. This type of Green Mussel 
Shell can be found at the hot water area. The habitat typically occurs 
growth at least at 20m depth and located in shallow estuaries 
environments. The mussels usually attach to hard substrata they are 
capable of relocating and can colonize manmade habitats such as 
bridges, pier pilings, sea walls, boys, boats [1]. They can also be found 
attached to red mangrove roots. 
2.1 Composition of Physical and Chemical of Green Mussel Shell 
There are two type of Green Mussel shell composition such as physical 
and chemical. The physical properties of the mussels are hard, green, 
having thick and smooth skin. This kind of skin shape is to protect its soft 
and like egg shaped. The maturation of Green Mussel Shell is about 2-3 
months and can live about 3 years. Green Mussel Shell live in deep sea 
water (<10m) at 10 ° C - 35 ° C. There are three types of Green Mussel 
Shell size of 5cm, 6-7cm, and 8-9cm [2]. 
 
  
(a) (b) 
Figure 2.2: (a) and (b) show that different size of green mussel shell 
according to maturation period. 
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According to the previous research, the chemical composition content 
in sea shell very useful to manufacturing of concrete. Chemical 
composition in Green Mussel shell will affect strength of concrete which 
is calcium oxide (CaO) content higher than others chemical 
composition  as per seen in Table 2.1. 
 
Table 2.1: Chemical Composition of Green Mussel Shell (Michele R.R.H et 
al,2014 and Pusit L. et al, 2012) 
 
 
Type of 
Oxide 
Research by  
Michele R.R.H et 
al,2014 
(%) 
Research by  
Pusit L. 
et al, 2012 
(%) 
CaO 95.7 53.38 
Al2O3 0.4 0.14 
MgO 0.6 0.03 
SO3 0.7 0.34 
Fe2O3 0.7 0.05 
SiO2 0.9 0.73 
K2O 0.5 0.02 
 
The percentage of these two researchers showed that the composition 
of Calcium Oxide (CaO) was 95.7% and 53.38%, but they were still the 
highest and almost to be same of CaO in the Portland Portland cement 
composition. This proves that the properties of green mussel shell ash are 
suitable for use as filler in concrete. 
 
2.2 Preparation of Green Mussel Shell 
 
Green Mussel shell were used as experiment sample for this study. The 
source of Green Mussel Shell was collected in Sungai Danga, Johor 
Bahru where this area is a place of processing of mussels. The mussel 
shell were cleaned by using tap water to remove all the impurities and 
dirt on it. After that, it was crush into small particles by using Milling 
Crushes so that it easily to be handle. The crushed green mussel shell 
then was burn in blast furnace for one hour with temperature of 900ºC. 
The calcination process of CaCO3 from the mussel shell were resolved 
into ash and produce CaO and CO2. The mussel shell ash then were 
cooled in room temperature for 24 hour. 
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2.3 Design of concrete mixing 
 
Portland cement were been chosen in this study because it was suitable 
for general work and also fulfil standard on BS EN 197-1:2000 [8]. The 
mixing parameter that been used in this study are by volume and ratio 
method because it were the basic method in concrete mixing [9]. The 
material was prepared before conducting the experiment on concrete 
cube containing the admixture. Table 3.1 shown the proportion of 
mussel shell ash, cement, water, fine aggregate and course aggregate 
in concrete mixes. In this research, five different percentage of additives 
were prepared (0%, 2%, 4%, 6% and 8%). The concrete grade for 
compressive strength were 30 MPa for 7 and 28 days curing. The water 
cement ratio were 0.55 and was calculated using design of engineering 
method (DoE method). Table 2.2 and 2.3 show the mixing of concrete 
design and total cube of concrete in this study. 
Table 2.2: Mixing design of concrete 
sample 
Mussel shell 
ash (Kg) 
Cement 
(Kg) 
Water 
(Kg) 
Fine 
aggregate 
(Kg) 
Coarse 
aggregate 
(Kg) 
P0% 0 2.68 1.26 4.43 8.22 
P2% 0.337 2.68 1.26 4.43 8.22 
P4% 0.674 2.68 1.26 4.43 8.22 
P6% 1.011 2.68 1.26 4.43 8.22 
P8% 1.348 2.68 1.26 4.43 8.22 
 
Table 2.3: Total cube concrete and percentage of mussel shell ash in 
concrete. 
 
 
 
 
 
Mussel shell 
ash (%) 
Sample 
 
7 days 28 days Total 
P0 6 6 12 
P2 6 6 12 
P4 6 6 12 
P6 6 6 12 
P8 6 6 12 
 
Total cube 60 
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3.0 PHYSICAL PROPERTIES OF MUSSEL SHELL CONCRETE 
 
3.1 Specific Gravity  
 
This test was carried out on Cement Portland and Green Mussel Shell. 
This test to determine the physical properties of mussels and to 
determine the suitability of Green Mussel Shell as an additive. The results 
show that the specific gravity of the Green Mussel Shell exceeds 1.0 and 
this means that the Green Mussel Shell is submerged in water and is 
known that its density is also high in water. Table 3.1 show result of 
specify gravity average for cement and Green Mussel Shell Ash. 
Table 3.1: Average of Specific Gravity Cement and Green Mussel Shell 
Ash 
Material Cement Green Mussel 
Shell Ash 
Specific 
Gravity 
2.8 2.9 
 
 Overall, the specific gravity value of Green Mussel Shell and 
cements was same. This is because the additives and cement used are 
closely related to the cement water ratio which is a major factor in 
determining concrete strength. 
 
3.2 Setting time 
 
This experiment was conducted to determine the initial and final setting 
time test for the cement and the mussels shell ash. In this experiment 47% 
of water was used for 800 g of mussel shell ash. The reading shows in 
table 4.6 below. For the results of each additive percentage shows in 
table 3.2. 
Table 3.2: Initial and final result setting time of ordinary Portland cement 
and mussel shell ash 
Mixing Initial setting time 
(minutes) 
Final setting 
time (minutes) 
Cement 
Portland 
120 285 
Mussel shell 
ash 
90 270 
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 Based on the table 3.2, the initial setting time of mussel shell ash is 
faster than Portland cement. For the final setting time, the result 
obtained also similar to initial setting time where the final setting time of 
mussel shell ash is faster than cement Portland. Both the result of initial 
and final setting time indicate that the addition of mussel shell ash 
percentage make the water absorbed rapidly. The rapid water 
absorption make the hydration process faster and thus, contribute to 
early strength concrete. 
Table 3.3: Setting time result 
Percentage 
mixing of mussel 
shell ash (%) 
Initial setting time 
(minutes) 
Final setting 
time  (minutes) 
0 120 285 
2 90 270 
4 165 270 
6 135 255 
8 135 210 
 
 Table 3.3 shown the initial and final setting time for 0%, 2%, 4%, 6% 
and 8% mussel shell ash as additive in concrete. For the initial setting 
time, the fastest was obtained from the 2% which was 105 minutes and 
followed by the 0% which was 120 minutes. The initial setting time for the 
both 6% and 8% were 135 minutes. The slowest initial setting time was 
obtained by the 4% which were 165 minutes. While for the final setting 
time, the fastest was obtained by the 8% which was 210 minutes and 
was followed by 6% which was 255 minutes. Both 2% and 4% obtained 
the same result which were 270 minutes for the final setting times. The 
slowest final setting time was obtained by the 0% mussel shell ash 
additive which was 285 minutes.  This result shows that the increasing 
percentage of the mussel shell ash into the cement will accelerate 
setting time. From this result can be conclude that the fineness of mussel 
shell ash and cement were play a role in mixing process when the 
setting time increase then the hydration time were increase 
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4.0 PROPERTIES OF FRESH CONCRETE 
 
4.1 Slump Test 
 
Slump test was carried out to measure the workability of concrete. The 
changes of slump value will showed that the changes of materials, 
water content and mixing rates of concrete. Table 4.1 indicate the result 
for slump test of concrete with mussel shell powder admixture. From the 
result, the slump value for normal concrete were 30mm. While for mussel 
shell concrete, the reading increasingly descend by the increasing of 
percentages mussel shell powder in concrete.  
Table 4.1: Slump Test Result 
Concrete mixing Slump 
value(mm) 
P 0 30 
P 2 35 
P 4 20 
P 6 25 
P 8 25 
  
 According to the result in table 3.3, the increases of admixture 
percentages were difficult to handle. It’s showed that only 2% mussel 
shell powder giving a good result. This case because the increase of 
mussel skin ash in concrete will cause concrete that harvested into 
breach and also brittle. Hydration period also influenced this experiment 
where it closely related with concrete workability. Addition of water will 
cause segregation occurred between cement and aggregate which 
can effect concrete quality and giving varies in collapse value. So it 
can be concluded that, the percentage of mussel shell powder were 
limited to 2%. If the percentage increased, so reduction value will 
decrease. 
 
5.0 MECHANICALPROPERTIES OF HARDEN MUSSEL SHELL CONCRETE 
 
5.1 Compressive Strength 
 
Compressive strength is a common test to analyse the strength of 
concrete.  Experiments were conducted on 60 concrete cubes where 
they were also carried out on different curing periods of 7 days and 28 
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days. Each mixing has different compressive strength after being 
subjected to the maximum load that can be support by each cube. 
 
 
Figure 5.1: Compressive strength of concrete 
 
 Based on Figure 5.1 it can be seen that concrete compression 
strength increases by age. This result is expected because the longer the 
curing of concrete occurred, the hydration of the cement will be more 
complete as well as reinforcing the concrete but it is necessary to have 
a suitable additives and mixtures to produce good concrete. The 
optimum value of compressive strength of 30 Mpa in concrete design 
and the data shown for each sample has exceeded the optimum value 
of concrete compressive strength. In total, a percentage of 2% of Green 
Mussel Shell ash is suitable for admixture in concrete. On the other hand, 
for a percentage that exceeds 2% indicates a decrease, it is still high in 
value than normal concrete. 
 
5.2 Density Analysis 
 
This experiment was performed on curing for 7 days and 28 days only. It 
aims to determine and know the density of mixed concrete. 
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Figure 5.2: Comparison of curing density for 7days and 28days 
 
 Figure 5.2 shows the ages of concrete 7 days of curing and 28 
days of curing increase compared to normal concrete. This indicates 
the current density level of mixed as well as Green Mussel Shell ash can 
be used as a filler in concrete. In addition, it can also indicated that wet 
density of 28 days curing has a high density value compared to curing 
of 7 days. This is because of the longer the curing period, the higher the 
absorption rate of water occur 
 
5.3 Capillary Absorption 
 
This analysis was done to identified the rates of water absorption by 
measured the weight of concrete that cause by the capillaries 
absorption on the bottom of concrete because the surrounding surface 
been covered with tapes. Table 5.1 shown the result of capillary 
absorption while figure 5.3 shown the capillary absorption graph. 
Theoretically, the lower capillary absorption will make better concrete in 
term of durability. 
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Table 5.1: Capillary absorption test result 
Percentage 
of mussel 
shell ash as 
additive 
Capillary absorption average 
(cm/s1/2) 
7 days 28 days 
0% 0.115 0.094 
2% 0.130 0.118 
4% 0.133 0.067 
6% 0.137 0.052 
8% 0.147 0.041 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3: capillary absorption value for concrete with mussel shell ash 
as additive. 
 
 According to the result obtained, it can be seen that the value 
capillary absorption 2%, 4%, 6% and 8% mussel shell ash as additive was 
higher than normal concrete (control sample) for the 7 days curing 
duration. The 2%, 4%, 6% and 8% obtained 0.130, 0.133, 0.137 and 0.147 
cm/s1/2, respectively. While for the 28 days curing duration, the lowest 
absorption capillary was obtained 8% which is 0.041 cm/s1/2  and was 
followed by 6% (0.052 cm/s1/2) and 4% (0.067 cm/s1/2). But, this happen 
differently for the 2%. The capillary absorption of 2% was 0.118 cm/s1/2 
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and was the highest compare to others. This result was higher than 0% 
(control sample). The 0% obtained 0.094 cm/s1/2. As the summary, the 
capillary absorption will decrease when the curing duration increase. 
Also, the capillary absorption will decrease when the percentage of 
mussel shell as additive increase. 
5.4 Water Absorption 
 
Water absorption test was carried out to test the concrete porosity by 
determining the density and aggregate porosity. Analysis of the water 
absorption test results on day 7 and 28 is shown in Figure 5.4 below.  
 
 
 
 
 
 
 
 
 
 
Figure 5.4: Water Absorption for 7 days and 28 days of curing 
 
 The highest water absorption occurs in the use of 8% Green 
Mussel Shell ash mixture in the 7 day curing period. Whereas for 28 days 
of curing, only concrete control and 2% mixture of Green Mussel Shell  
ash increased its absorption rate. The absorption rate of water increased 
compared to the control concrete during the curing period of 7 days, 
however, after 28 days, the water absorption rate decreased 
compared to the control concrete. 
 
6.0 CONCLUSION 
 
Mussel shell ash and cement (OPC) both giving the different result which 
both was 2.79 and 2.87. It shows that the mussel shell had higher rates in 
absorbing and hydrates water compared to cement (OPC). However, 
the setting time for mussel shell ash is faster than cement OPC. 
According to data, the initial setting time for mussel shell was 90 minutes 
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which 30 minutes faster than cement OPC. While for final setting time 
also recorded that mussel shell given the faster rates which is 275 
minutes which 15 minutes faster than cement OPC. It is due to the 
amount CaO in mussel shell were higher which accelerated the rates of 
hardening. 
 Based on slump test result, it showed that 2% of mussel shell ash 
responded the good workability of concrete compared to 4%, 6% and 
8%. It showed higher percentages of mussel shell ash given less 
workability of concrete. While value of compressive strength of concrete 
recorded that 28 days curing given higher value compared to 7 days 
curing. Its shows that mussel shell powder suitable to be used as binder 
and filler in concrete which can decrease the quantity of material for 
mixing normal concrete. It showed that the value of compression 
strength test were exceeding the optimum value of concrete strength. 
While capillary absorption analysis, it been recorded that the density 
increased as the water absorption increased compared to normal 
concrete. On the other hand, for 28 days, the density increases however 
the capillary absorption mark a drop compare normal concrete except 
for 2% admixture which the water absorption is higher than normal 
concrete. From overall data recorded, addition of 2% mussel shell 
powder is that suitable in this study compared to concrete percentage 
of other mixture.  
 As a conclusion, the optimum rates that suitable for the research 
was 2% of mussel shell powder. It is due the calcium oxide (CaO) 
content inside mussel shell have the same function as lime which can 
act as a filler in concrete and accelerates the setting time for hardening 
and increased its compressive strength. 
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